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Abstract—Erbium-Doped Fiber Amplifiers can present holes in 
spectral gain in Wavelength Division Multiplexing operation. The 
origin of this inhomogeneous saturation behavior is still a subject 
of controversy. In this paper we present both an experimental 
methods and a gain’s model.  Our experimental method allow us 
to measure the first homogeneous linewidth of the 1.5 µm erbium 
emission with gain spectral hole burning consistently with the 
other measurement in the literature and the model explains the 
differences observed in literature between GSHB and other 
measurement methods. 
 
Index Terms—Erbium compounds, Fluorescence spectroscopy, 
Gain measurement, Luminescence, Optical fiber amplifiers, 
Optical fiber materials 
I. INTRODUCTION 
Since optical maser [1] and laser [2] were demonstrated, the 
need for modeling amplification by stimulated emission 
became important [3]. More than 20 years after, the first 
optical amplification in Erbium-Doped Fiber Amplifier 
(EDFA) was achieved and reported [4]. Since that time, 
Wavelength Division Multiplexing (WDM) boosted the 
already huge capacity of the fibers, taking advantage of the 
broad spectral gain of the EDFA. Models based on the 
homogenous spectral gain profile were very popular but they 
do not work for multi-wavelength operation [5]. 
Actually, limitations of gain performance, spectral 
bandwidth or signal saturation of the gain [6] are still 
controversial questions which emphasize a number of new 
developments such as chemical composition of glass materials 
and engineering of the micro and nanostructuration of the 
fiber. The nature of the broadening of the 4I15/2 ↔ 4I13/2 
transition in the near infrared has been the subject of several 
investigations using various laser spectroscopy techniques in 
different ranges of temperature. It does not allow pointing out 
real parameters to fully describe optical performances of 
EDFAs and usable for material optimization.  
On the one hand, using a saturation spectroscopy 
technique (Gain Spectral Hole Burning,(GSHB)), hole width  
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and depth have been already reported in the late nineties [7,8]  
showing that they change with signal wavelength and pump 
power but differently with glass composition from silica to 
fluoride [9] and even for other rare earths [10]. 
On the other hand, a Resonant Fluorescence Line 
Narrowing (RFLN) technique [11] was used for line width 
measurements in a number of bulk glasses available for fiber 
devices [12]. These authors point out some discrepancy 
between their results and GSHB earlier measurements reported 
by Desurvire et al. [7]. In our previous work [13], we gave 
first the results of both experiments useful to compare the two 
experimental approaches, but some questions were still 
opened. 
A full complex model is needed to reproduce first all the 
previous experiments and behaviors of EDFA, and second to 
suggest an understanding and interpretation of “secondary 
hole” or “anti-hole” observed in literature [14, 15]. In this 
report, we establish the first step of a model taking into 
account the inhomogeneous spectral profile in EDFA to better 
understand GSHB and RFLN observations.  
II. EXPERIMENTS 
RFLN and GSHB experiments were carried out within the 
same conditions including a well suited temperature. The 
homogeneous line width of erbium in glass is measurable by 
the RFLN technique within the limits of our instrumentation 
between 30 K and 120 K, GSHB can be detected between 30 
K and 300 K. However, at temperatures greater than 120 K, 
the hole width is too broad to be quantitatively measured. So, 
for these reasons and experimental simplicity, liquid nitrogen 
temperature (77 K) was chosen for both experiments. The 
investigated sample is a standard EDF from Draka, i.e. 0.04 
wt% erbium-doped aluminosilicate fiber. 
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Fig. 1: Experimental set-up used for RFLN measurements. 
A. RFLN Experimental set-up 
Fig. 1 represents a schematic of the experimental set-up of 
RFLN. Two detection channels were used: the non-
propagating transverse light into the fiber (unguided 
spontaneous emission flux) and the propagating light detected 
directly through the output of the fiber. In the following, the 
first channel is called transverse RFLN and the second one, 
longitudinal RFLN. In both cases the fiber is excited using a 
narrow and tunable infrared laser diode with a typical line 
width of 100 MHz over the 1480–1580 nm wavelength range 
during the wavelength scan (typically few minutes), due to the 
time jitter. The output laser power is a few milliwatts. The 
beam is focused on a mechanical shutter used to modulate the 
amplitude of the signal, and then we inject it in a SMF-28 
fiber. Losses through objectives and shutter and fiber re-
injection reduce the laser power to a maximum of 500 µW 
measured at the output of this fiber. To be fully immersed in 
the cryostat containing liquid nitrogen (77 K) the EDF under 
test is spliced to SMF-28 pigtail witch prevents back reflection 
from interfering with the excitation signal. An FC-APC 
connector allows the pump to be injected into the system.  
Then, for transverse RFLN, since the cryostat is equipped 
with optical windows, emitted light is collected by a lens and 
focused to the entrance slit of a Jobin-Yvon U1000-IR double 
monochromator. The signal is detected by a slow but high-
sensitivity germanium-cooled IR detector from North Coast. In 
that configuration, laser scattered light from the fiber is 
measured rather weak and does not perturb the response of the 
germanium detector. Then, spectral discrimination is used to 
distinguish fluorescence from the laser scattered light. A 
digital lock-in amplifier allows amplifying and recording the 
signal. 
For the longitudinal RFLN, light is collected by an objective 
from the output of the fiber, focused on a second mechanical 
shutter, and then sent at the entrance slit of the same 
monochromator and detector as above. In that configuration, 
the excitation laser is directly sent in our detection system and 
strongly perturbs the germanium detector. That is why we 
place a second mechanical shutter, isochronous and out of 
phase with the first one to avoid blinding the detector. The 
fastest response of the two shutter system we measured was 
about 100 µs, that permits to measure fluorescence at the 
excitation wavelength [12]. Again, a digital lock-in amplifier is 
used to amplify the signal. We repeated the experiments 
several times in order to get the order of magnitude of the 
precision of our measurements. 
 
Fig. 2: Experimental set-up used for GSHB measurements.  
B. GSHB experimental set-up 
 Fig. 2 shows a schematic of the experimental set-up of 
GSHB. This experiment is performed with CW lasers without 
any modulation. The set-up is basically a fiber amplifier with a 
200 mW single mode laser diode which pumps the erbium ions 
at 980 nm. The signal beam used to burn the hole is the same 
used in the RFLN experiment, a 10 mW maximum tunable 
laser, with a 100 MHz line width limited by the time jittering. 
A similar laser diode provides the probe beam but with a 
maximum power less than 1mW. An attenuator allows 
decreasing the power without perturbing the wavelength and 
the beam quality. Both 1.55 µm signals and probe beams were 
multiplexed, going through an isolator to be wavelength 
multiplexed with the pump beam. All three lasers go through a 
SMF-28 fiber spliced to our erbium-doped fiber immersed into 
the liquid nitrogen cryostat (77 K). After that, a second isolator 
prevents the erbium-doped fiber to be parasited by laser effect, 
and the probe signal is analyzed with an Anritsu MS9710B 
optical spectrum analyzer (O.S.A.). 
The experiment follows the typical procedure. In the first 
step, the wavelength and power of the signal beam are fixed to 
burn a hole in the spectral gain. The power of the pump beam 
is also set to get the desired population inversion in the EDFA. 
In the second step, we choose the right power of the probe 
beam to avoid any further saturation effect. Finally the 
wavelength of the probe beam is tuned around the burning 
signal wavelength in order to get the gain spectrum for these 
wavelengths. The gain is measured using the “max-hold” 
function of the O.S.A. We repeated the experiments several 
times in order to get the order of magnitude of the precision of 
our measurements. 
 JLT-12939-2010-R2 
 
3 
III. RESULTS 
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Fig. 3: Comparison of transverse and longitudinal RFLN at 77 K under 
1528 nm excitation (power 0.5 mW) for a 6 m long fiber. 
A. RFLN results 
Fig. 3 shows a comparison of transverse and longitudinal 
RFLN measurements at 77 K under 1528 nm excitation (power 
0.5 mW) for a 6 m long fiber. As seen in Fig. 3 the transverse 
RFLN spectrum reproduces the spontaneous emission rate at 
temperature of analysis. At 1528 nm the sharp line is the laser 
light. Since our resolution is limited to 1nm because of the 
strength of the fluorescence signal we cannot spectrally 
discriminate the laser from the resonant fluorescence. The 
longitudinal RFLN signal results from a well known amplified 
spontaneous emission (ASE) process in the erbium-doped fiber 
together with the resonant fluorescence at 1528 nm. This 
observation implies that transverse RFLN is a more direct 
measurement than the longitudinal one. But since the signal in 
transverse RFLN detection mode is too weak to be exploited, 
the following part will concern longitudinal RFLN results. 
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Fig. 4: Measured longitudinal RFLN at 77 K for the fiber length of 6 m 
(symbol) and Lorentz fit (line) at 1528 nm for the laser power: 250 µW (open 
squares and a gray dash line) and 50 µW (black triangles with a black solid 
line).  
 
In Fig. 4, we present longitudinal RFLN line width 
measurements and fittings with a Lorentz line profile at 1528 
nm for two pump powers: 250 µW and 50 µW. All the data 
have been recorded at the temperature of 77 K for a 6 m long 
fiber. The two spectral distributions show a nice lorentzian 
profile. Such a profile is characteristic of a homogeneous line 
width behavior (because a Lorentz shape is the Fourier 
transform of single-exponential time decay). The FWHM is 
extracted from this fit so that it can be easily analyzed as a 
function of different parameters such as: excitation pump 
power, fiber length, and excitation wavelength. 
Fig. 5 shows the dependence of FWHM line width (deduced 
from the lorentzian fit) as a function of laser excitation power 
set at two different wavelengths with a 0.4 cm-1 (0.1 nm) 
spectral resolution  
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Fig. 5: FWHM of RFLN line width (0.4 cm-1 resolution) from Lorentz fit in 
function of excitation power for two wavelengths: 1535 nm (open squares) 
and 1530 nm (black triangles) All the data are recorded at 77 K for a 6 m long 
fiber. 
 
A strong power dependence of the width can be observed 
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from 10 µW and toward 1mW. However, at low power the 
FWHM reaches an asymptotic value of 2.8 +/- 0.2 cm-1 
(0.65 +/- 0.05 nm) independently of the analyzed wavelength 
in the 1530 nm window. 
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Fig. 6: FWHM of RFLN line width (0.4 cm-1 resolution) from the Lorentz fit 
versus excitation power for two lengths of the fiber:  6 m long (open squares) 
and 2 m long (black triangles. All the data are recorded at 77 K. 
 
Fig. 6 presents the dependence of the FWHM of RFLN line 
width (0.4 cm-1 / 0.1 nm resolution) from Lorentz fit as a 
function of pump power for two lengths of the fiber. A similar 
behavior is obtained for the two lengths until the pump power 
reaches 500 µW.  
It is noted that the two dependences (Figs. 5 and 6) show the 
same asymptotic value quoted above.  
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Fig. 7: GSHB measurement at 120 mW pump power, for a burning signal of 
200 µW at 1528 nm, at 77 K with a spectral resolution of 0.07 nm. 
B. GSHB results  
A typical GSHB result is shown in Fig. 7, for a burning 
signal of 200 µW at 1528 nm at 77 K with a resolution of 0.07 
nm (0.3 cm-1) and a pump at 980 nm (10204 cm-1)  power of 
120 mW. To extract a parameter from these data by fitting the 
hole with a line profile is not easy due to the lack of 
knowledge of the zero origin of the amplitude. Usually, in 
literature, the hole width is extracted from the difference of 
two gain spectra measured in an hypothetical same inversion 
but different burning conditions. In fact, in an inhomogeneous 
manifolds system, this hypothesis is not realistic. That is the 
reason we decided to basically measure the FWHM just after 
removing the bitangential baseline (the straight line that is the 
tangent of the curve on 2 points, here on each hump around 
1526 and 1531 nm) i.e. the broad absorption spectrum (see 
Fig. 7). This method is valid because the ratio of the hole 
width to the inhomogeneous linewidth is small at 77K, but 
cannot be used at room temperature. With this method the hole 
width has been depicted in Fig. 8 as a function of the logarithm 
of signal power. 
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Fig. 8: GSHB width as a function of output power of a 6 m long fiber at 77 K. 
 
There is a quasi-exponential dependence of the width 
between 0.1 mW and 10 mW, but at low power, the hole width 
reaches an asymptotic average value of 2.8 cm-1 (0.65 nm) 
similar to the value obtained by RFLN experiments. 
IV. MODELING 
From the results reported above in Fig.7, we demonstrated 
that GSHB effect should be considered as a consequence of 
inhomogeneous broadening of the spectral gain of EDF. It is 
confirmed by the RFLN experiments that indicate the nature of 
the inhomogeneous broadening recorded in the two 
experiments at 77 K. To develop our model of amplification of 
light, in this work, we first did not take into account its 
propagation along the fiber. This is rather consistent because 
we do not observe any significant effect arising from the 
change in the fiber length as shown in Fig. 6 for the short fiber 
length. This propagation will be considered in a further work 
for modeling the behavior in real EDFAs. However, to 
improve the existing models, we do take into account the 
random distribution of the erbium ions in different crystalline 
environments of the glass net that gives rise to the 
inhomogeneous spectral line widths of the resonant and non-
resonant electronic lines.  
Despite Stark splitting making sublevels in manifolds and 
then Er3+ electronic structure in glass a “21 levels system” (6 
for the 4I11/2 manifold, 7 for the 4I13/2 manifold, and 8 for the 
4I15/2 manifold), we are using the usual 3 levels system theory 
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to represent one erbium site because, in silicate materials, 
phonon relaxation of upper excited states is very fast [16]. 
Moreover, we have neglected any up-conversion effect [17, 
18]. The inhomogeneous behavior is introduced by 
considering hundreds of sites in our simulation, depicting the 
inhomogeneity of spectral properties of erbium ions 
population. Because our modulation is bellow 10 kHz in our 
measurement and of future upgrade of our model (like up-
conversion and energy transfer), we choose to solve the system 
in the stationary conditions. Notice that this assumption gives a 
correct answer for modulation up to 10 kHz [19, 20, 21]. 
A schematic of our model for one site is shown in Fig. 99. 
 
Fig. 9: 3 levels system of one erbium site. 
 
Here, nd is the population of the 4Id/2, τd is the lifetime of the 
level 4Id/2, σabsd and σemd are the absorption and emission cross 
sections of the level 4Id/2, σabsd, Id is the intensity of the light at a 
wavelength of the d level energy ν11 (~980 nm (10204 cm-1) 
and ~1530 nm (6535 cm-1) for the 4I11/2 and 4I13/2 respectively. 
The electronic transition 4I13/2→4I15/2 is supposed to be 
purely radiative, and any inhomogeneous effect of the 4I11/2 
level is neglected. Actually the pump beam is assumed to be 
broad in order that all erbium’s sites absorb the same power. In 
this way, we will not depict any pump-mediated 
inhomogeneity [22]. 
Taking the following intermediate variables presented in (1), 
into account, 
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the usual population equations for one site take the form 
given in (2). 
 
13
1311
1315
0 nDnC
nBnBn
nAnAn
tot
tot
tot
×−×=
×−×=
×−×=
 (2) 
 
where “ntot”, is the total number of ions of the considered 
sites per volume. These equations are given for each site, then 
taking into account inhomogeneity. That means, we consider 
hundreds of systems like equation (2) in our model, each one 
at a different energy for the 4I13/2 level. If we index these sites 
with k from 1 to K, then, after calculating the population 
inversion for each site with equation (2) and feeding equation 
(3) with the results, the three terms for emission (spontaneous 
for signal and stimulated for pump and signal) and absorption 
can be expressed under the form of (3): 
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“i” being the light power density per frequency unit and gk 
the normalized line profile of the spontaneous emission of the 
site number k (the gk, as the one for the cross sections, are the 
usual lorentzian line shape for each site, but with a center 
varying inside the inhomogeneous line). We can now express 
the amount of light emitted by a bulk sample depending on the 
excitation parameters. 
Because of the complexity of this modeling, fiber 
propagation is still in progress, but first results of the model on 
a bulk sample are still interesting because power density inputs 
in the model can be as large as the one reached in the fiber 
core. 
In the following, we present the spectroscopic modeling for 
both simulated RFLN and GSHB results on a bulk sample, 
without propagation. In [12] we have shown that the 
homogeneous linewidth is far smaller than the inhomogeneous 
one at 77K in the same material. For both experiments 
modeling, we decided arbitrary but close to the reality to 
choose a ~20 ratio between homogeneous and inhomogeneous 
linewidth and to distribute 50 equidistant sites on each 
homogeneous line, one which allows modeling the 
inhomogeneous behavior in a reasonable time delay with a 
sufficient statistic. 
To summarize we consider a homogeneous linewidth of 1.4 
cm-1(0.33 nm) given by our experiments and the literature, and 
an inhomogeneous line from 6517 to 6550 cm-1 (1534.4 to 
1526.7 nm) sampled by 1000 sites, corresponding to one site 
every 0,023 cm-1 / (0.005 nm). 
For RFLN simulation, the material is excited with very 
narrow (0.0023 cm-1 / 0.0005 nm) laser lines, for different 
power densities. The emitted intensity is then calculated. 
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Fig. 10 : Normalized fluorescence intensity for different excitation powers 
(see text for description)  
 
Fig. 10 presents the normalized fluorescence intensity for 
different excitation powers at 6534.6 cm-1 (1530.3 nm): dotted 
line for 106 W.m-2, dashed line for 108 W.m-2, black solid line 
for 1010 W.m-2. The gray line is the overall emission under a 
broad 980 nm (10204 cm-1) excitation, and the dark gray line 
is the homogeneous line. In this figure, it is observed that the 
more the power density is large, the more the line width is 
broad. For a better understanding we have plotted the FWHM 
divided by the homogeneous line width as well as the peak 
intensity of the emitted light versus the excitation power 
density in Fig. 11. 
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Fig. 11: Simulated RFLN FWHM divided by the homogeneous line width and 
the peak intensity of the emitted light versus the excitation power density 
 
In Fig. 11, the FWHM begins to increase at a density of 106 
W.m-2 when the fluorescence intensity reaches its maximum. 
Then the FWHM increases to a value of about 20 
homogeneous line widths, that is the total width of the 
emission of the sample considered in the model. 
In the GSHB simulation, the “simulated” sample was 
excited with 1015 W.m-2 broad pump laser at 980 nm 
(10204 cm-1) to fully invert all erbium sites in the considered 
volume. Then, a hole is burnt with a narrow (0.0023 cm-1 
/ 0.5 pm) laser beam at 6534.6 cm-1 (1530.3 nm). Since we 
model a bulk sample, spontaneous emission plays the same 
role of ASE as in the experiments of Arellano et al. [23]. 
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Fig. 12: Modeled emission spectra around 1530 nm for different burning 
power densities: 0 for dashed line, 1011 W.m-2 for black line, 1013 W.m-2 for 
light gray line and 1015 W.m-2 in dark gray line. 
 
In Fig. 12, the inhomogeneous broad spectrum stands for 
emission without any burning power, and then a hole appears 
when a signal at 6534.6 cm-1 (1530.3 nm) starts to saturate an 
electronic transition involving a class of sites. For a better 
understanding we have plotted the Full Width at Half Depth 
(FWHD) divided by the homogeneous line width and the 
relative hole depth intensity of the emitted light versus the 
burning power density in Fig. 13. 
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Fig. 13: Full width at half depth (FWHD) divided by the homogeneous line 
width and relative hole’s depth intensity of the emitted light as a function of 
burning power density  
 
In Fig. 13, the FWHD begins to increase at 1010 W.m-2 
when the hole depth reaches its maximum. Then the hole width 
reaches its maximum value that corresponds to the expected 
total width of the inhomogeneous spectral gain range. 
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V. DISCUSSION 
In the experimental results reported in Fig. 3, the 
longitudinal RFLN spectrum  exhibits a very broad profile 
attributed to an ASE process, while the transverse RFLN 
spectrum shows the usual luminescence spectrum for erbium in 
an aluminosilicate host (under the laser line). We have 
concluded that propagation of the luminescence signal 
modifies the spontaneous emission profile. We were not able 
to get enough RFLN signal from transverse RFLN 
measurement. For this reason, we chose to record pump power 
and length dependences of the longitudinal RFLN signal that 
indicate a limit of FWHM. In those experiments, the 
Lorentzien shape of the RFLN peak in Fig. 4 gave us a clue 
that this profile is interpreted as the homogeneous erbium 
emission line at the temperature of the experiment. 
Moreover, even if we clearly record a power dependence, 
the value at low power is 2.8 cm-1 (0.65 nm), which is the one 
found by Bigot et al. [12] in this material. To our knowledge, 
we report the first measurement of the homogeneous line width 
of the 1.5 µm erbium emission in a doped fiber by RFLN and 
this measurement is consistent with the literature. 
In addition, we report GSHB measurement at the same 
temperature, showing strong power dependence too. At low 
excitation power, it is remarkable to get the same 2.8 cm-1 
(0.65 nm) value as for RFLN. If homogenous line width 
measurement by GSHB has been earlier reported [8, 24], its 
value was much larger than in our present investigation for 
both RFLN and GSHB experiments. Furthermore, we find the 
same 2.8 cm-1 (0.65 nm) value of the homogeneous line width 
in aluminosilicate glass at 77 K by RFLN and by GSHB on 
fiber reported by Bigot et al. [12]. The discrepancy with the 
earlier works of GSHB [5, 6] was mostly due to the strong 
power dependence since it was not considered in the previous 
reports. 
To exploit the experimental results of the line profile 
determination by our inhomogeneous simulation model we 
take advantage of the fact that the power density effect is more 
important on our RFLN experiments than the propagation 
effect. Our simulation in Fig. 10 shows that, in both RFLN and 
GSHB spectra, the line width at low power is two times the 
homogeneous line width as expected (the self-convolution of a 
lorentzian curve can be approximate by a lorentzian curve with 
the double width). However, when the power density 
increases, the line width increases up to the maximum value 
allowed by the simulation. In addition, we observe in Figs. 11 
and 13 that, at low excitation power, the height of the peak (or 
the depth of the hole) strongly depends on power density, 
while, at high power, the height and the depth respectively 
reach an asymptotic value. The broadening and the height (and 
depth) of saturation take place at the same power density 
value. Indeed, these two effects are correlated to the 
inhomogeneous saturation of population of the 4I13/2 level, for 
RFLN, and the 4I15/2 level, for the GSHB. 
In the RFLN experiment, the height of the peaks does not 
increase when all the erbium sites resonant with the excitation 
wavelength are still in their excited states (saturation of the 
absorption). Then the increase of power density will have no 
effect on the excited state population at the resonance 
wavelength. However, the erbium sites not exactly resonant 
with the excitation wavelength, contribute less to the intensity 
(lower cross section) than the ones exactly in resonance. These 
erbium sites absorb less light and saturation of absorption 
takes place at a higher excitation power. Indeed their 
emissions continue to grow after resonant saturation and make 
the line width broader. Then, when all the erbium sites 
population is saturated, both height and broadening of the line 
stop changing, as it is observed for very strong power density 
(Fig. 11). 
The same behavior occurs in GSHB simulation (Fig. 13), 
but the energy levels are reversed. For the Fig. 12 the situation 
is slightly different. In fact, when the power of the burning 
signal is very high and begins to be comparable to the pump 
power, this signal will also play a pump role. Actually, the 3rd 
line from equation (3) shows that equilibrium between 
absorption and stimulated emission will occur. That is why, at 
very high power density, all the sites are saturated in this 
equilibrium and so the curve is flat. 
Note that the same effects are observed on our experimental 
data, and even if the results are not quantitative, the orders of 
magnitude of power density when saturation takes place are 
similar in RFLN (100 µW in our fiber is ~106 W.m-2). Besides, 
the behavior of GSHB is not similar because of the 
amplification effect which makes saturation depending of the 
980 nm pump power that are really high in our model to ensure 
total population inversion. 
However, this explanation is not consistent with the fact that 
power density broadening is more important at 1533 nm  
(6523 cm-1) than at 1528 nm (6545 cm-1). Indeed, propagation 
must be considered to give adequate explanation. Because 
absorption is more important at 1528 nm than at 1533 nm, the 
mean power propagating into the fiber will be larger at 1533 
nm than at 1528 nm. That is why the broadening is more 
efficient at 1533 nm for the same input power than at 1528 nm. 
VI. CONCLUSION 
After measuring the same value for homogeneous line width 
of the 4I15/2↔4I13/2 zero line transition at 77 K by two different 
spectroscopic techniques (RFLN and GSHB), we simulate the 
behavior of the measurements with excitation power by 
modeling inhomogeneity in our materials. 
These measurements, modeling and interpretations allow an 
understanding of the discrepancy between homogeneous line 
width measurements with the two techniques in the literature 
[12, 24] most probably due to the power dependence that 
causes inhomogeneous saturation of the excited state 
population. 
Then we propose a model of simulation for bulk 
inhomogeneous erbium-doped materials. This model simulates 
the power dependences of both RFLN and GSHB 
measurements as an inhomogeneous saturation effect. 
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To be more realistic and quantitative, we need now to take 
into account phenomena such as propagation, up-conversion, 
energy transfers and even more than one class of sites [25] in 
our model. With those modifications we should be able to 
reproduce quantitatively the observed phenomena and better 
understanding of variability of GSHB power dependence with 
wavelength. 
GSHB has been observed on other rare-earth-doped glasses 
[10] and could occur for any amplification or laser systems. A 
better understanding of the phenomenon can upgrade 
performances of amplification or laser devices. Finally, in the 
case of EDFA, building more complex models, including up-
conversion and energy transfers, could give an explanation for 
the unexplained part of the losses in the yield of the device, 
and could even permit to better understand the pair concept 
given by Delevaque et al. [26]. 
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